Parity violation in QCD process is studied using helicity dependent top quark pair productions at Large Hadron Collider experiment. Though no violation can be found in the standard model (SM), new physics beyond the SM predicts the violation in general. In order to evaluate the violation, we utilize an effective operator analysis in a case that new particles predicted by the new physics are too heavy to be directly detected. By using this method, we try to discriminate supersymmetric SM from universal extra-dimension model via an asymmetry measurement of the top quark pair production. We also discuss the asymmetry from the SM electroweak top pair production process and that from the little Higgs model.
I. INTRODUCTION
The standard model (SM) successfully discribes almost all experiments below O(100) GeV. However, there are some difficulties in the SM, for example, a hierarchy problem in the Higgs sector as a quantum field theory. It is also a problem that the SM does not contain natural candidate of dark matter.
People believe an existence of underlying theory beyond the SM above a scale of O(1) TeV, and its discovery is strongly expected at Large Hadron Collider (LHC) experiment. A lot of candidates beyond the SM have been suggested until now. The first promising candidate is supersymmetry (SUSY), in which the gauge hierarchy problem is naturally solved as well as gauge coupling unification is achieved. In the SUSY with R-parity, the lightest SUSY particle is stable which can be a dark matter. The second candidate is extra-dimension theory, which might be related to string theory. Solutions of the hierarchy problem have been suggested in various setup in the extradimension (see, for example, Ref. [1] ). Here we consider an universal extra-dimension (UED) model as the simplest example of the extra-dimension theory.
The UED model is a naive extension of the SM [2] , where SM particles have extra-dimensional modes, i.e., Kaluza-Klein (KK) particles, and their spins are the same as SM particles. The lightest KK particle is stable and can be a dark matter. Both SUSY and UED predict new heavy particles as superpartners and KK-particles, respectively.
For those models, it is important to experimentally distinguish one from the other, not only by the mass spectrum but also by the kinematic feature in the production. Actually, the production processes between SUSY and UED models are similar at hadron colliders, so that the study of the kinematic properly will become more important role to determine it. The spin correlation will be the direct probe to determine the model, although we meet a difficulty how to measure the spin-correlation in production [3] .
The aim of this paper is to discriminate SUSY from UED at the LHC by focusing on the parity violation in QCD processes without discovering any new particles.
* We investigate the determination of underlying theory through the parity violation in QCD, even if new particles are too heavy to be detected directly in the experiments. Of cause the SM has no parity violation in QCD, and it can be happened through the effects of new physics. In SUSY, gluino-
since a mass of left-handed squarkq L is different from that of right-handed squarkq R in general. While the UED has no parity violating QCD interactions (at least in tree level). Therefore, we could distinguish SUSY from UED through the QCD-parity vi-
olation. An asymmetry measurement of the helicity dependent cross section of tt will suggests the violation. The SM effect will be also estimated, where the * The discrimination of SUSY and UED at the LHC is also studied in [4] .
asymmetry is caused by electroweak interactions in a tree-level [3, [5] [6] [7] . This is the background of the discovery of parity violation in the QCD. We will also consider a little Higgs (LH) model as the third candidate beyond the SM, where no parity violation exists in QCD but weak interactions are modified from the SM. This will cause the asymmetry in the helicity dependent cross sections of the top pair production.
In this paper, we study parity violation in QCD process by using helicity dependent top quark pair productions at the LHC experiment. Though no violation can be found in the SM, new physics beyond the SM predicts the violation in general. In order to evaluate the violation, we utilize an effective operator analysis in a case that new particles predicted by the new physics are too heavy to be directly detected. By using this method, we try to discriminate SUSY SM from UED model via an asymmetry measurement of the top quark pair production. We also discuss the asymmetry from the SM electroweak top pair production process and that from the LH model.
II. TOP PAIR PRODUCTION WITH HELICITY DEPENDENCE
We investigate helicity dependent top pair production at LHC experiment. The helicity of top pair can be measured, since top quark immediately decays before hadronization differently from other quarks. The observed property in the decay products assessed the helicity information of the top quarks [8] [9] [10] [11] [12] . Then a measurement of the cross section depending on helicities of top and anti-top is possible. Here, at first, we show how to determine the helicity of top quark through an angular distribution of charged lepton and momentum of multi-jets experimentally. As for a spin direction of a top quark, we focus on a case that top quark decays into l + νb and anti-top is fully hadronic decay with jets. The top quark decays into it is useful to define δA LR as
We do not have to measure the helicity of anti-top for δA LR , and we estimate δA LR of parton level in the following analyses of investigating the parity violation in QCD.
As for a numerical calculation of quark and antiquark annihilation and gluon fusion processes, we use GR@PPA event generator [16] , where in calculation, we use the CTEQ6L1. The cross section is given by
where 
, O qqG , and O qqGG , which represent color-singlet 4 fermi, color-octet 4 fermi, quark-quark-gluon, and quark-quark-gluon-gluon operators, respectively. They are listed in Ref [17] , and given by
where
, and
Wilsonian coefficients which have mass dimension
NP , where M NP stands for a scale of new physics characterized by new particles' masses. In Eqs.(III.6) and (III.7), coefficients f 1iα , · · · , h 1iα , · · · are some combination of the quark and the gluon momentum, e.g.
for left-handed quarks, and f We should take mass bounds of gluino and squarks constrained by LHC experiment [24] . Cross sections from SUSY dimension 6 operators at a center-ofmass energy E CM = 7 TeV are listed in Table   I . Where we take some sample points of sparticle masses as (mg, mt Table I shows cross sections of (i) and (ii) are (roughly) 10 −6 smaller than σ SM .
Even if gluino mass is O(100) GeV as the case of (iii), the cross section does not drastically increase.
We show the numerical calculation of the asymmetry δA LR for the case of (i) together with UED result in subsection 3.5. Fig. 1 .
Apparently, the larger the mass difference betweeñ q L andq R becomes, the larger magnitude of δA LR becomes.
C. UED
In the UED with KK-parity, KK particles can propagate only inside loop diagrams, and the max- 
where Λ and µ are the cutoff scale and the renormalization scale, respectively. Accurately speaking, these effects are beyond the order of α 2 s , however, here we take them into account, since it might be informative. We take µ = √ŝ ≥ 2m t , and helicity asymmetry is plotted in a sample point as Table 2 . The horizontal axis denotes ∆m(qL − qR) ≡ mq L − mq R .
D. SM electroweak background and LH
Here we estimate δA LR induced from not QCD but weak interactions, which is the SMEW background. The SMEW background is not negligible, although it was not estimated in Ref. [19] . The asymmetry from the SMEW, δA SMEW LR , is induced by electroweak interactions at a tree-level, and the cross section of the SMEW is estimated as σ
The SMEW contribution is larger than the SUSY contribution comparing to Table I . It is worth noting that a magnitude of σ QCD+SMEW (≃125 pb) is smaller than that of only QCD contribution σ QCD (≃ 138 pb). The SMEW contributions in pp → tt process is studied in Ref. [20] [21] [22] .
As for the LH, there is no QCD parity violation as in the SM. The effects of the LH is summarized as deviated weak interactions from the SM. Integrating out new heavy particles in the LH, the effective 4
Fermi operators are induced as [17] 
where cos β ∼ 1 − in tt production. Then, the total event should be 2 × 10 5 to obtain δA LR ≃ 0.05 ± 0.01, and an integrated luminosity is roughly estimated as 10 2 fb −1 .
Therefore, we should take reanalyses of δA LR up to O(α s y 2 t ) with no use of dimension 6 operators, and we need more detailed studies for the discrimination between the SUSY SM and UED model. 
IV. SUMMARY AND DISCUSSIONS
In this paper, we have studied parity violation in QCD process by using helicity dependent top quark pair productions at the LHC experiment. Though no violation can be found in the SM, new physics beyond the SM predicts the violation in general. In order to evaluate the violation, we have utilized an effective operator analysis in a case that new particles predicted by the new physics are too heavy to be directly detected. By using this method, we have tried to discriminate SUSY SM model from UED model via an asymmetry measurement of the top quark pair production. In spite of the tiny asymmetries of the SUSY and UED, there are still possibilities of the discrimination to succeed, i.e., we will take the analyses of order α s y
